
STOP 



Early Journal Content on JSTOR, Free to Anyone in the World 

This article is one of nearly 500,000 scholarly works digitized and made freely available to everyone in 
the world by JSTOR. 

Known as the Early Journal Content, this set of works include research articles, news, letters, and other 
writings published in more than 200 of the oldest leading academic journals. The works date from the 
mid-seventeenth to the early twentieth centuries. 

We encourage people to read and share the Early Journal Content openly and to tell others that this 
resource exists. People may post this content online or redistribute in any way for non-commercial 
purposes. 

Read more about Early Journal Content at http://about.jstor.org/participate-jstor/individuals/early- 
journal-content . 



JSTOR is a digital library of academic journals, books, and primary source objects. JSTOR helps people 
discover, use, and build upon a wide range of content through a powerful research and teaching 
platform, and preserves this content for future generations. JSTOR is part of ITHAKA, a not-for-profit 
organization that also includes Ithaka S+R and Portico. For more information about JSTOR, please 
contact support@jstor.org. 



PUBLIC HEALTH REPORTS. 



VOL. XXVII. JANUARY 26, 1912. No. 4. 



EPIDEMIC CEREBROSPINAL MENINGITIS. 

A REVIEW OF ITS ETIOLOGY. TRANSMISSION, AND SPECIFIC THER- 
APY, WITH REFERENCE TO PUBLIC MEASURES FOR ITS CONTROL. 

By W. H. Frost, Passed Assistant Surgeoo, Public Health and Marine-Hospital 

Service. 

The recently reported epidemic outbreaks of cerebrospinal menin- 
gitis in various localities in the southern and southwestern portions 
of the United States have lent to the questions of the etiology, epi- 
demiology, prophylaxis, and treatment of the disease a vital present 
interest. In response to numerous inquiries received from public- 
health authorities this paper is prepared, by direction of the Surgeon 
General, to present in a review, as briefly as possible, such facts and 
deductions concerning the disease as may be of special interest to 
health officers. 

According to Netter and DebreV from whose most excellent mono- 
graph the following historical sketch is abstracted, the first clearly 
recognized epidemic of cerebrospinal meningitis occurred in Geneva, 
Switzerland, in the spring of 1805, followed during the years 1806-1814 
by a number of scattered outbreaks in widely separated localities of 
France and Germany. Coincident with this first series of epidemics 
in Europe occurred a similar series in America, beginning with an 
outbreak at Medfield, Mass., in 1806 and continuing until 1819, vis- 
iting during this period many localities in the United States, and 
reaching Canada. 

The history of the disease since that time, shows, according to 
these authors, periods of epidemic or pandemic prevalence, alternating 
with periods of comparative rarity. 

From 1836 to 1850 epidemics reappeared in Europe in France, 
Germany, Austria, Italy, Spain, Ireland, and Denmark; and in 
Algeria. In America, also, there was a succession of outbreaks from 
1842 to 1850. 

In its third period of prevalence, from 1850 to 1860, the disease 
visited chiefly the Scandinavian Peninsula, hitherto spared, causing 
there over 4,000 deaths from 1854 to 1861. 

In 1861-62 epidemics occurred in various sections of Germany and 
in Russia, and a few years later in Ireland. Coincident outbreaks 
occurred during this period also in the United States. 

'Netter, Arnold; and Debre\ Robert; Irt mSningite cirabrospioile, Paris, 1911, Masson A Ck, 292 p. 
9 (97) 
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From 1865-1885 epidemics were rare and generally small, except 
in the United States, where outbreaks occurred in New York ( 1872) 
and Boston (1874). 

The years 1885-86 were marked by a recrudescence in European 
countries (France, Italy, Austria, Scandinavia) and an epidemic in 
the Fiji Islands. 

The next period of epidemic prevalence was from 1896 to 1903, 
when the disease appeared in France, Germany, Austria, Norway, 
Scotland, Ireland, Bosnia, Italy, Algeria, the United States and 
Portugal (1901-1905). 

Following close upon this last has come another cycle of epidemics 
dating from about 1904 in the United States, 1905 in Germany (espe- 
cially Prussia) , and 1908 in France. Apparently this last wave has not 
yet passed. During the winter and spring of 1911, outbreaks occurred 
in several of the Southern States of the United States; and, as above 
stated, there are reports of further outbreaks in the South and South- 
west at present. 

During the intermissions between epidemics, cerebrospinal menin- 
gitis has never disappeared entirely, continuing to appear annually 
and almost ubiquitously in sporadic cases and small outbreaks. 

Nor can it be said that the pandemics have shown an orderly pro- 
gression. On the contrary, they are more usually ushered in by coin- 
cident epidemics in widely separated localities. 

SPECIFIC ETIOLOGY. 

While the studies of the earlier epidemics had placed the clinical 
knowledge of cerebrospinal meningitis on a fairly sound basis, it was 
not until the outbreaks beginning in 1885 that progress was made 
toward determining the specific etiology of the disease; and it is only 
within the last few years that apparently contradictory observations 
have been harmonized by more extensive research with more exact 
technical methods. 

In 1887 Weichselbaum described an organism, the diplococcus 
intracellvlaris meningitidis, isolated from the meningeal exudate of 
several cases of cerebrospinal meningitis, and suggested it as the 
specific cause of the disease. His observations and views, though 
they were the subject of much dispute in the succeeding years, have 
recently been so fully confirmed and so widely extended that at 
present the diplococcus intracellularis meningitidis (now commonly 
called "meningococcus") is almost universally accepted as the 
specific causative agent of this disease, whether occurring epidemically 
or sporadically. The evidence upon which this conclusion is based is : 
That the meningococcus is commonly, almost constantly, demon- 
strable intra- vitam or post mortem in the tissues and secretions of 
persons suffering from the disease; especially in the exudate from the 
tissues most constantly and severely affected, namely, the meninges. 

The final link in the evidence of the causative relation of the 
meningococcus to cerebrospinal meningitis, namely, the reproduction 
of a clinically similar disease in lower animals by the inoculation of 
pure cultures, has not yet been satisfactorily accomplished. Acute 
meningitis can be produced in monkeys and occasionally in other 
animals by the subdural injection of pure cultures of the menin- 
gococcus; but this is of itself hardly convincing evidence, since quite 
similar effects may be produced by the subdural injection of various 
other bacteria. 
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THE DIPLOCOCCUS INTRACELLULARS MENINGITIDIS OR 
MENINGOCOCCUS. 

Morphology.— The meningococcus as found both in exudates and 
in cultures from artificial media, occurs in pairs, not infrequently in 
tetrads. In the cerebrospinal fluid the diplococci are characteristi- 
cally located within the cells of the exudate, though by no means 
confined to this location. Irregularities in form and size are quite 
characteristic, especially in cultures taken from artificial media. 
Forms both larger and smaller than typical diplococci, as well as 
various involution forms, are encountered. 

Staining. — The diplococcus takes the ordinary aniline stains 
readily. When stained by Gram's process it is decolorized. This 
characteristic serves to distinguish it from the more common pus- 
forming staphylococci and streptococci as well as from the pneumo- 
coccus and the diplococcus capsulatus, either of which may give rise to 
meningitic infections clinically similar to the specific cerebrospinal 
meningitis and may be found in cerebrospinal fluid from such cases. 

Cultural characteristics. — The meningococcus grows aerobically 
on artificial media at temperatures from 25° to 42° C, preferably at 
about 37° C. 

It grows best on media containing animal proteid, preferably human, 
such as ascitic or pleuritic fluid, blood serum, or defibrinated blood. 
On ordinary culture media (agar, gelatin, bouillon) the organisms 
grow sparsely if at all; when freshly isolated, more freely after cultiva- 
tion for a while on the more suitable media. The addition of glucose 
(1 per cent to 5 per cent) to the culture media favors its growth. 

According to Elser and Huntoon 1 the optimum reaction of media 
for the menmgococcus is about + .6 to phenolphthalein. 

The fermentations caused by the meningococcus in media con- 
taining various carbohydrates are fairly constant, and a very 
considerable aid in differentiating it from a group of diplococci quite 
similar in morphology, in staining, and in then growth on many 
media. 

The fermentation tests may be made in a great variety of liquid 
or solid media. According to Elser and Huntoon, they may best 
be made in agar prepared from sugar-free bouillon, with the addition 
of ascitic fluid and of litmus to serve as an indicator. 

Agglutination with specific immune serum. — The serum of animals 
immunized to the meningococcus by repeated injections of pure 
cultures, contains agglutinins which are, within certain limits, 
specific for the meningococcus. By the careful, quantitative applica- 
tion of this test, with serum of known potency, the meningococcus 
may usually be differentiated from other Gram-negative diplococci, 
including the culturally similar pseudomeningococcus and the closely 
allied gonococcus. The test will, however, often be misleading unless 
applied with the utmost care, with a full appreciation of the quanti- 
tative discrepancies due to differences between strains of the menin- 
gococci and to "group" agglutination of other organisms. It may 
even be necessary to resort to the more complicated tests of ag- 
glutinin-absorbing capacity to arrive at a satisfactory differentiation. 

> EI*sr, W. J., and Huntoon, Frank, Studies on Meningitis, Jour. Med. Research, 1909, vol. 20, pp. 
377-841. 
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BACTERIOLOGICAL DIAGNOSIS. 

It is important for two reasons to distinguish cerebrospinal menin- 
gitis due to the meningococcus from other forms of meningitis. 

First, in meningitis due to the meningococcus specific therapy 
offers a hope of cure, largely proportional to the promptness of its 
application. 

Second, prophylactic measures not necessary in other forms of 
meningitis are required in the case of true cerebrospinal meningitis 
due to the meningococcus. 

Not infrequently a certain diagnosis can be made only by bac- 
teriological demonstration of the organism concerned. 

The meningococcus may be isolated from the cerebrospinal fluid, 
blood, or nasopharyngeal secretions of persons sick with meningitis, 

Eost mortem from the meningeal exudate, and sometimes from the- 
lood and various viscera. 

For all practical purposes, the bacteriological diagnosis of cerebro- 
spinal meningitis during life is based upon the demonstration of the 
meningococcus in the cerebrospinal fluid. 

For the purposes of diagnosis the cerebrospinal fluid may be exam- 
ined directly under the microscope or planted in media suitable for 
the isolation of the meningococcus in pure culture. 

1. Microscopic examination of the cerebrospinal fluid. — Cerebro- 
spinal fluid withdrawn by lumbar puncture with strict aseptic pre- 
cautions is received in a clean sterile test tube. The sediment, 
preferably obtained by centrifuging, is spread evenly on clean glass 
slides, dried in the air, and fixed by passing through a flame. 

The films are then stained by Gram's method, viz: 

(a) Three minutes with aniline-water gentian violet solution. 

(b) Wash lightly in water. 

(c) Lugol's solution (iodine, 1 gram; potass iodide, 2 grams; water, 
300 cc), two minutes. 

(d) Blot off this fluid. 

(e) Decolorize the film by washing with absolute alcohol for 30 
seconds or more, depending upon the thickness of the slide. 

(/) Counterstain 30 seconds with an aqueous solution of bismarck 
brown, or with ordinary carbol-fuchsin diluted with nine volumes of 
distilled water. 

The reagents and technique of staining should be carefully con- 
trolled by staining coincidently films of bacteria known to be Gram- 
negative (B. coli; B. typhosus) and others known to be Gram-positive 
{Staphylococcus pyogenes aureus, Pneumococcus, etc.). 

Until one can get consistent results with Gram's method of stain- 
ing, obviously he can not rely upon it for the differentiation of the 
meningococcus. 

In films properly stained by Gram's method meningococci, when 
present, will be found to have been decolorized by the alcohol and 
stained with the subsequently applied counterstain. They will be 
found in pairs and tetrads within the cells of the exudate, as well as 
extracellularly. 

For all practical purposes tne detection of Gram-negative dip- 
lococci in cerebrospinal fluid, the gross and microscopic appearance 
of which indicates the existence of an acute meningitis, is sufficient 
to establish the diagnosis of cerebrospinal (meningococcus) menin- 
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gitis. This diagnosis is still further confirmed if the diplococci are- 
found within the cells of the fluid. 

While there are numerous other Gram-negative diplococci which 
can not be distinguished from the meningococcus by their morphology, 
none of these is likely to occur in the cerebrospinal fluid from cases 
of acute meningitis. 

The pneumococcus and streptococci, especially the streptococcus 
capsulatus, may give rise to cases of meningitis clinically similar to 
true cerebrospinal meningitis, and may be found in the cerebrospinal 
fluid from such cases. They are distinguished from the meningo- 
coccus most readily by their different reaction toward Gram's stam, 
since these organisms are Gram-positive. 

Elser and Huntoon were able to demonstrate the meningococcus 
by microscopic examination of the cerebrospinal fluid in 141 out of 
171 cases examined (82.46 per cent). In some of the cases in which 
this examination was negative the meningococcus was isolated from 
the cerebrospinal fluid by culture. A single negative examination 
of cerebrospinal fluid does not necessarily exclude the diagnosis of 
cerebrospinal meningitis. 

2. The isolation of the meningococcus in pure culture and its 
complete identification are processes requiring a refined bacteriologic 
technique, the details of which need not be discussed here. It may 
be mentioned, however, that intracellular Gram-negative diplococci 
can not be assumed to be meningococci unless found in the meningeal 
exudate. Many varieties of diplococci normally present in the nose 
and throat of man greatly resemble the meningococcus, and the 
demonstration of the latter in the naso-pharyngeal secretions involves 
complete identification by morphologic, cultural, and agglutination 
tests. 

OCCURRENCE OF THE MICROCOCCUS. 

Within recent years very extensive studies have been made to 
determine the natural habitat of the meningoccus. So far it has been 
encountered only as a parasite of man. The results of these studies 
may be briefly summarized as follows : 

1. Occurrence in the bodies of persons suffering from cerebrospinal 
meningitis. — Following is a statement of the frequency with which 
the organism has been satisfactorily demonstrated by various observ- 
ers in the cerebrospinal fluid of patients, either intra-vitam or post- 
mortem. 1 



Councilman, Mallory, and Wright 

Faber 

Bettercourt and Franca 

Cochezand Lemaire 

Schotmuller 

Reuterberg 

Weichselbaum and Gohn 

Von Lingelsheim 

Flugge 

Elser and Huntoon 1 



I 

Number of 
I specimens 
{ examined. 


Number of 
specimens 
showing 
meningo- 
coccus. 


j 55 


38 


: 31 


27 


271 


271 


44 


39 


49 


43 


: 26 


8 


I 58 


39 


1 308 


198 


] 144 


44 


! 210 


194 


. 





1 Cited by Kutseher in Kolle und Wassermann's Handbuoh der Pathogenen Mikroorganismen, I Er- 
ganz. Bd., Jena, 1907, Gustav Fischer. 
> Loc. oit. 
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The considerable variations in the results of different workers are 
explained by the different circumstances attending the collection of 
specimens and variations in the technique of examining them. Some 
investigators have worked chiefly with specimens obtained under 
favorable circumstances, with facilities for immediate examination; 
others with specimens chiefly sent in from distant points, subject 
to delay and contamination before examination. Again, some of 
these figures are based on direct microscopic examination of exu- 
dates, others on cultures of the fluid in various media, still others on 
the combined results of both methods. Where circumstances have 
been favorable and the technique careful, the proportion of positive 
results has generally been high. 

The meningococcus has also not infrequently been demonstrated 
in the blood of patients with cerebrospinal meningitis, most frequently 
early in the course of the disease, and occasionally before the onset 
of meningitic symptoms. Elser and Huntoon report finding the 
organism present in the blood of 25 per cent of patients examined. 
Apparently, however, the organisms in the blood are relatively 
few — much less abundant than in the cerebrospinal fluid. 

Special interest attaches to the demonstration of the meningo- 
coccus in the nasopharyngeal secretions of patients. In a recent 
extensive study, von Lingelsheim l was able to isolate the meningo- 
coccus from the throats of 182 out of 787 patients examined. These 
figures include a number of specimens examined under unfavorable 
circumstances, sent in to the laboratory from a distance. The 
meningococcus is demonstrable in the nasopharynx most constantly 
in the early stages of the disease, as illustrated by the following 
results reported by von Lingelsheim. 



Day of disease on which specimens were taken. 



First to fifth day 

Sixth to tenth day 

Eleventh to twentieth day 
Twenty-first day or later. . . 

Total 





Number 


Percentage 


Number 


of specimens 


of specimens 


of 


in which 


in which 


specimens 


meningococci 
were demon- 


meningococci 


examined. 


were demon- 




strated. 


strated. 


150 


104 


00.0 


57 


14 


24.50 


02 


7 


11.29 


115 


5 


4.39 



330 



3:1.3 



Netter and Debre (La meningite cerebrospinale, pp. 42-43) report 
similar results in 100 examinations made upon 49 patients, viz: 

Of specimens examined in — Per cent positive. 

First week 78. 33 

Second week 60. 00 

Third week 50. 00 

Fourth week 25. 00 

After thirtieth day 15. 35 

They also cite the following figures from Goodwin and Sholly: 

Of examinations during — Per oent positive. 

First week 54. 5 

Second week 33. 3 

After second month 6. 2 

i Zeitschr. f. Hyg. u. Infectionskrankh., 1908, Bd. 50, pp 457-483. 
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All of these results refer to the isolation of the meningococcus in 
pure culture, a fairly difficult bacteriological procedure; which may 
well be assumed not infrequently to fail to demonstrate the meningo- 
coccus even when present. 

It seems from the above and other concordant results that the 
meningococcus is quite frequently (probably constantly) present in 
the nasopharynx of patients in the early stage of infection; that it 
usually disappears rapidly from this location, often disappearing 
completely before the subsidence of the meningitic symptoms; that 
in rather exceptional instances it may persist in the nasopharynx, 
even after convalescence, for at least several weeks or months. 

2. Occurrence of the meningococcus in the nasopharynx of healthy 
persons in the vicinity of cases of_ meningitis. — As the result of many 
recent exhaustive intensive studies it has now been well established 
that the meningococcus is quite frequently present in the naso- 
pharynx of persons who show either no clinical manifestations what- 
soever of such infection or only slight local manifestations (pharyn- 
gitis, coryza). These "meningococcus carriers" have been 
demonstrated almost exclusively among (1) persons intimately 
associated with cases of meningitis; (2) persons not directly asso- 
ciated with clinically recognizable cases but residing in communities 
where the disease is epidemic; and (3) less rarely among persons in 
communities where only sporadic cases of meningitis have occurred. 

Albrecht and Ghon (1901) first isolated the meningococcus from 
the nasopharynx of a healthy person in contact with a meningitis 
patient. 

The following tabulation presents the results of some of the more 
extensive recent researches upon this phase of the subject : 

Demonstration of the meningococcus in the nasopharynx of apparently healthy persons. 



Locality. 



Condition. 



Dieudonne' (1906) during small 
outbreak in garrison at Mu- 
nich examined. (Central- 
blatt f . Bakt., 1906, p. 418.) 



Osterman (1905-6) during an 
epidemic in vicinity of Bres- 
lau examined. (Deutsch. 
Med. Wochenschr., 1906, 1, 
p. 414.) 

Boohalii, in garrison at Beu- 
then, Prussia, in which 
there had been a case re- 
cently, examined (Zeitschr. 
f. Hyg. u. Infektionskrank. 
Bd. LXI, pp. 454-464). 



Von Lingelsheim, in vicinity 
of Beuthen, Prussia, during 
an epidemic, examined 
(Zeitschr. f. Hyg. u. Infek- 
tionskrank, 1908, Bd. 59, pp. 
457-483). 



(a) 39 men from a dormitory in which there had been several 
cases of meningitis— found 5 carriers. 

(b) 2» soldiers from the same battalion who applied for treat- 
ment on account of nasopharyngeal troubles— found 4 car- 
riers. 

(c) 20 men from a regiment in which there had been no case 
of meningitis — found no carriers. 

(a) 24 persons, members of families in which there were cases 
of meningitis— found 17 carriers. 

(b) 51 school children in a town where there had been a recent 
case— found 2 carriers, associates of patient's sister. 

(c) 10 persons not in contact with any case— found no carriers . 

(a) 16 men associated in dormitory with a recent patient- 
found 10 carriers. 

(b) 114 men of the same company, not roommates of patient- 
found 13 carriers. 

(c) 355 men in the 3 other companies of same garrison— found 
19 carriers. 

(d) Control: 40 men from 2 battalions in Gleiwitz, where there 
had been no cases of meningitis— found no carriers. 

(a) 387 persons in close contact with cases of meningitis- 
found 28 carriers. 

(b) 127 persons not in contact with cases — found no carriers. . . 

(c) 184 children suffering from scarlet fever, measles, whooping 
cough (apparently unassociated with any cases of menin- 
gitis) — found no carriers. 



Percent- 
age of 
persons 
examined 

shown 

to be 

carriers. 



12.8 
13.8 



0.0 

70.8 

4.0 

0.0 
62. 5 

11.4 

5.4 

0.0 

7.23 

0.0 
0.0 
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Demonstration o] the meningococcus in the nasopharynx of apparently healthy persons- 

Continued. 



Locality. 



Brans and Holm, in valley of 
the Ruhr, Prussia, during 
severe epidemic in 1907, ex- 
amined (Klin. Jahrbueh. 
Jena, 1908, Bd. XVIII, pp. 
285-310). 



Herford, during epidemic at 
Altona, examined (cited by 
Netter and Debre', loc. cit., 
p. 44). 

Trautmann, at Hamburg, ex- 
amined (cited by Netter and 
Debrfi, loc. cit). 

Mayer, Waldmann, Furst, 
and Gruber examined 
(Munch, med. Wochenschr., 
1910, vol. 57, p. 1584). 



Koile and Wasserman, in Ber- 
lin, in 1906 (cited by V. 
Lingelsheim) examined. 

Droba and Kucera, 1906, ex- 
amined (cited by von Lin- 
gelsheim). 

Kutscher, 1905 (cited by 
Kelsch, Rev. d'Hygiene, 
1911, vol. 33, pp. 1-53) ex- 
amined. 

Huber and Kutscher (cited by 
Kelsch, Rev. d'Hygiene, 
1911, vol. 33, pp. 1-53) ex- 
amined. 



Condition. 



Percent- 
age of 
persons 
examined 
shown 
to be 
carriers. 



(a) 3,154 healthy persons in community where epidemic pre- 
vailed—found 465 carriers.- 

(b) Oftheabovespecimensweretakenintheimmediatevicin- 22. 
ity, under the investigators' supervision, in 1,786 cases- 
showing 401 carriers. 

(c) Including only members of families in which cases of men- 36. 78 
ingitis had occurred— 609 were examined and 224 were found 
carriers. 

(d) Persons in the community examined under favorable cir- 7. 9 
cumstances during and after the epidemic, not directly asso- 
ciated with any cases of meningitis; 380 examined — 30 found 
carriers. 

172 persons in the families with eases of meningitis— found 43 25.0 

carriers. 



261 persons in families with cases of meningitis— found 24 car- 9. 2 

riers. 

(a) 1,911 men from various garrisons from 1908 to 1910 at the 2. 46 
time of occurrence of cases of meningitis in the respective 
garrisons— found 47 carriers (associated with a total of 46 
cases of meningitis). 

(b) In 1910, at Munich, examined the whole garrison, 9,111 1. 73 
men. It is implied that there was no recent case of menin- 
gitis in the garrison at this time, but there had been one or 
more cases annually since 1908 in each of the barracks men- 
tioned — 158 of these men were found to be meningococcus 
carriers. 

114 residents of Berlin; found 2 carriers, both of whom had 1. 8 

been associated with suspicious cases of meningitis— pos- 
sibly sporadic cerebrospinal meningitis. 

160 children in a community free from meningitis— found no 0. 

carriers. 

56 patients in Berlin for various affections— found 4 carriers. 7. 4 



A detachment of 408 soldiers free from meningitis both before 
and after the time of examination— found 8 carriers. 



The results of these investigations, which are further confirmed 
by the generally similar results of a number of others, while they 
show wide quantitative differences, all indicate the following con- 
clusions : 

1. Apparently healthy persons in the immediate vicinity of cases 
of cerebrospinal meningitis very frequently harbor the meningococci 
in their nasopharynx. 

2. Apparently healthy persons themselves not in contact with 
any cases of meningitis, but residing in communities where an epidemic 
prevails, are not infrequently found to be meningococcus carriers. 

3. Apparently healthy persons in communities where there have 
been only scattered cases of meningitis or none at all for several 
months are less frequently found to be meningococcus carriers. 

4. The meningococcus is very rarely found in the throats of per- 
sons in communities quite free from cases of cerebrospinal meningitis. 

The figures given by Bruns and Hohn show, moreover, that the 
proportion of carriers in a community was roughly proportional to the 
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course of the epidemic. This is illustrated by the following table, 
showing, by months, the number of cases of meningitis in the 
vicinity studied by them and the proportion of well persons found to 
be carriers: 





1907 


Number of 

cases of 
meningitis. 


1 

Number of 
well persons 1 
examined. 


Number of 

carriers 
found. 


Percentages 

of carriers 

among 

well persons 
examined. 




148 
278 
327 
188 
146 
68 


120 
641 
730 
644 
616 
403 


37 
152 
113 
88 
53 
22 


Per cent. 
30.1 


April 


23.7 


May. 


15.5 




12.1 


July. 


8.6 




5.5 








Total 


1,155 


3,154 


465 


14.7 







Their results are similar if only the examinations of persons in the 
same families with cases of meningitis are considered. 



1907 



Number 
of fami- 
lies exam- 
ined. 



Number 
of fami- 
lies in 
which 
carriers 
were 
found. 



Total 
number 
of persons 

in these 
families. 



Number and percentage of 
meningococcus carriers 
among these persons. 



March 

April 

May. 

June 

July 

August 

Total 



23 14 persons, 61.7 per cent. 

135 67 persons, 50 per cent. 

172 | 81 persons, 47 per cent. 

93 i 34 persons, 36.6 per cent. 

67 18 persons, 27 per cent. 

119 10 persons, 8.5 per cent. 



155 



120 



609 224 persons, 36.78 per cent. 



It is thus shown that during this epidemic the percentage of car- 
riers, both among persons in close contact with patients and in the 
community generally, was greatest at the beginning and height of 
the epidemic, declining as the epidemic declined. Indeed, it would 
appear from these figures that the infection must already have been 
widespread in the community before the existence of an epidemic 
was realized. 

The persistence of the meningococcus in the throats of carriers has 
been studied especially by Mayer, Waldman, Furst, and Gruber, 1 
who made repeated examinations of 96 carriers. According to the 
persistence of the meningococci, carriers are classified by them as 
follows : 

1. Periodic (periodisch), in whom repeated examinations showed 
alternating periods of freedom from meningococci, and reappearances. 

2. Persistent (zeitlich) in whom the meningococci were constantly 
demonstrable for several weeks or months. 

3. Temporary (voriibergehend), in whom meningococci were found 
only for snort periods. 



1 Munch, med. Wochenschr, 1910, vol. 57, pp. 1584. 
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The relative frequency of the carriers of these three classes was 
determined as follows in the 96 persons studied : 

1. Periodic carriers 6= 6. 25 per cent. 

2. Persistent carriers 12=12. 50 per cent. 

3. Temporary carriers: 

(a) 3 examinations positive 12 

(6) 2 examinations positive 16 

(c) Only 1 examination positive 50 

78=81. 25 per cent. 

In healthy carriers, as in persons ill with meningitis, it would 
appear that the meningococci commonly persist for only a short 
period, but in exceptional instances may persist for periods of many 
weeks. 

3. Occurrence and viability of the meningococcus outside the human 
body. — As above stated, the meningococcus has seldom been isolated 
except from the tissues and secretions of persons suffering from 
meningitis, and secretions of persons more or less intimately asso- 
ciated with such patients. Mayer, Waldmann, Furst, and Gruber, 
however, believe that, like the pneumococcus, the meningococcus is 
almost ubiquitous iu man. 

All the evidence available indicates that the life of the menin- 
gococcus outside the human body is short. It is a very delicate 
organism, readily killed by the chemical disinfectants in common 
use, by a temperature of 50° C. in five minutes, and at 65° C. within 
three minutes. Cultures on solid media are killed in a few hours by 
sunlight, and even when protected from the sunlight die out rapidly 
at room temperature, especially if the medium becomes somewhat 
dried out by evaporation. 

It is quite probable that the organism may live longer in particles 
of sputum or pus, but judging from the difficulty of isolating the 
organism from exudates or secretions when the examination of the 
specimens is delayed 24 hours or more, it would seem that even in 
these media the meningococcus dies out quickly. 

Altogether, it appears to be so fragile an organism outside of its 
natural habitat (the human body) that its persistence in the dust of 
house, in fomites, etc., is in all probability very short. 

EPIDEMIOLOGY. 

The accumulated records of thousands of sporadic and epidemic 
cases of cerebrospinal menigitis warrant some generalizations as to 
the epidemiological characteristics of the disease. 

Geographic distribution. — The area over which the disease has pre- 
vailed is not definitely limited. Epidemics have occurred practi- 
cally all over the world under the most various conditions as regards 
climate, topography, commercial relations, and social conditions. 
Yet certain areas seem to be especially liable to epidemics, as the 
northeastern United States, France, and Germany. 

As previously pointed out epidemics come in cycles. Periods of 
widespread epidemics or pandemics alternate with periods of com- 
parative freedom from outbreaks. It has usually been impossible 
in periods of widespread epidemics to trace the progress of the infec- 
tion in such a way as to show any definite spread from one locality 
to another. Epidemics are apt to appear simultaneously in widely 
separated communities not in close communication, often sparing 
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intervening points to which the spread of infection would seem most 
probable. Instances are cited, however, in which the infection has 
apparently been spread from place to place along the routes of travel, 
the most striking instances of this being in connection with the move- 
ments of troops from infected to previously uninfected places. 

Sporadic cases and small outbreaks continue, in the periods of 
decreased epidemic prevalence, to occur perennially and almost ubiq- 
uitously though with great rarity as compared with the more common 
infectious diseases. 

Seasonal prevalence. — It has long been noted that the disease is 
most prevalent in the spring and late winter, epidemics usually de- 
clining with the advent of summer. 

Netter and Debr6 give the following statistics as to the seasonal 
prevalence of the disease in Germany from 1905 to 1908: 



March, April, May 

June, July, Atieust 

September, October, November 
December, January, February. . 



Number of cases. 



1905 1906 1907 1908 



2,545 . 1,031 

535 258 

151 ! 160 

531 ; 580 



1,254 
577 

286 
466 



609 
199 
125 
353 



Percent 
of total. 



61 
14.8 



18.2 



Approximately 80 per cent of these cases are seen to have occurred 
during the winter and spring months. 

The seasonal prevalence is strikingly similar to that of pneumonia 
and influenza, and not unlike that of a number of other diseases 
(scarlet fever, measles, diphtheria, smallpox) in which the primary 
seat of infection is believed to be the respiratory tract, and which 
are supposed to be spread by contact. 

Incidence among the population of a community. — Even in severe 
epidemics the total number of cases in a community is usually small 
in proportion to population, especially where one considers large pop- 
ulations, as in big cities or whole States. Netter and Debr6 cite the 
following figures, showing the incidence of cases in proportion to pop- 
ulation in several epidemics : 

New York, 1872 8.07 cases per 10,000 

New York, 1905 6.30 cases per 10,000 

Glasgow, 1907 8.47 cases per 10,000 

Paris, 1909 Less than 1 case per 0,000 

In small towns the morbidity rate has been higher, as in — 

Lippisch (near Dantzig) 1 ,250 per 10,000 

Aigues-Mortes, 1841 533 per 10,000 

These latter are exceptional instances. In general the disease may 
not be expected to attack more than 1 to 2 per 1,000 of population 
during an outbreak in a city. 

Even during an epidemic the cases in a city are characteristically 
scattered; sometimes grouped around several foci, but not commonly 
showing a definite grouping around or progress from a single focus. 

In its incidence in the population of a community cerebrospinal 
meningitis is selective, attacking children much more frequently 
than adults. Among adults, the disease has often been more pre- 
valent in military garrisons than in the civil population. The relative 
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proportion of children and adults attacked varies greatly in different 
epidemics. In general not less than 75 per cent or cases are in chil- 
dren under 15 years of age. 

The disease is generally more prevalent in the crowded districts of 
cities among the poorer classes, living under unhygienic conditions, 
but it is by no means limited to these. 

Neither in its general nor its local distribution does it show any 
constant relation to elevation, moisture, or bodies of water. 

Local causes of epidemics. — The local causes of epidemics have 
usually been sought in vain. Epidemiologic studies have usually 
excluded the probability of the infection having been spread through 
water supplies, milk, or other generally distributed foods. 

Contagiousness. — Cerebrospinal meningitis does not present the 
epidemiologic characteristics which we are accustomed to associate 
with a contagious disease. 

Even in carefully studied epidemics it is the exception rather than 
the rule to find any direct or even traceable indirect contact between 
successive cases. Again, it is unusual to find more than one case of 
the disease in a family; and when multiple cases do occur in the same 
house, they often occur so close together or separated by such a long 
interval as to make it seem unlikely that one was infected "from the 
other. The comparative rarity of cases among the members of 
patients' families and among physicians and hospital attendants 
makes it seem quite certain that the disease is not highly contagious. 
The lack of traceable relation between cases renders it virtually 
certain that direct contact with the sick is neither a necessary nor 
even a very common factor in contracting the infection. And yet 
instances of apparent infection by direct contact with patients have 
occurred just often enough to keep alive the suspicion that the disease 
may be transmitted in that way. 

SOURCES AND ROUTES OF INFECTION. 

The impossibility of tracing epidemics to definite sources by the 
most careful epidemiologic studies has invested this disease with a 
veil of mystery, which has only recently been drawn by investigators 
who have conducted the most thorough intensive studies, combining 
bacteriologic and epidemiologic methods. With the data supplied 
by them we are now in a position to draw at least reasonable infer- 
ences, if not definite conclusions, as to the mode of transmission of this 
disease. 

1. Cerebrospinal meningitis is due to the meningococcus, as evi- 
denced by the almost constant association of this organism with cases 
of the disease. Failures to demonstrate the meningococcus in well- 
authenticated cases are not more common than would be expected 
in view of the technical difficulties. 

2. The natural habitat of the meningococcus is the human body. 
There is no record of its ever having been isolated from any other 
natural source. All the facts known of its biology indicate that in 
nature the conditions necessary for its multiplication are encountered 
only in the human body, and that its life outside this habitat is very 
short. 

3. Man, being the only known natural host of the meningococcus, 
is therefore the only known source of infection. The sources of infec- 
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tion may be divided into two classes: (a) Persons suffering with 
clinically recognizable manifestations of cerebrospinal meningitis; and 
(b) persons not suffering from any illness clinically recognizable as 
this disease. In. the former, that is in persons suffering from menin- 
gitis, the meningococcus has been shown to be present in the naso- 
pharyngeal secretions (very commonly during the early stages of the 
disease, progressively less frequently, later), in the blood at times, 
and in the cerebrospinal exudate. 

In the latter class, that is in the so-called "meningococcus carriers," 
the organisms are found only in the nasopharynx, where they persist 
for a variable period. 

From patients suffering with meningitis and from "meningococcus 
carriers" the organisms are eliminated in the nasopharyngeal 
secretions. 

The sick and the well carriers of meningococci are found closely 
associated. So far as the recorded studies show — and they include 
thousands of persons — they indicate that, the number of cases of 
meningitis and that of carriers in a community bear a fairly definite 
ratio to each other. 1 While it is impossible to give a numerical state- 
ment of the relative number of cases of meningitis and of " carriers," 
Flugge's estimate that the carriers are probably ten times as numerous 
as the recognized cases seems conservative. 

Since apparently healthy carriers are in all probability much more 
numerous than recognized cases of meningitis, and have at the same 
time much more freedom of movement and consequent opportunity 
to mingle with other people, they would seem to oe of much more 
importance in the distribution of the meningococcus. 

In this connection it is of course natural to question whether the 
meningococci eliminated by healthy carriers are equal in virulence 
to those eliminated by persons actually sick with meningitis. While 
it seems not improbable that in some cases (perhaps most likely with 
chronic carriers) the organisms eliminated by carriers may be of less 
virulence, on the whole, it is more logical to infer that no such differ- 
ence exists, at least during an epidemic. 

4. The primary seat of attack, the first site of multiplication of the 
meningococcus in the human body, is believed to be the nasopharynx. 
This is inferred because of (a) the common occurrence of the meningo- 
cocci in this location in the early stages of the disease, sometimes even 
prior to the development of meningitic symptoms, and (6) because in 
many cases (carriers) the demonstrable occurrence of the organism 
in the body is limited to this site. 

5. The meningococcus would appear to be transmitted from its 
sources (infected persons) to other persons by such contact as ordi- 
narily takes place between people associated together — the transfer 
of secretions by kissing, by the use of common eating or drinking 
utensils, the use of the same handkerchiefs and towels, the soiling of 
hands in handshaking, the contamination of food by fingers soded 
with secretions, etc. The apparently short viability of the meningo- 
coccus outside the human body, leads to the inference that the con- 
tact is usually direct — that not much time elapses between the elimina- 
tion and the reception of the infective material. 

> The researches of Mayer, Waldmann, Furst, and Gruber rather contradict this statement, to the ex- 
tent of showing that in various barracks in Munich the carriers were not proportionate to the number of 
eases of meningitis within the past three years. 



January 26, 1912 110 

6. The factors which determine whether the meningococcus, once 
lodged and multiplying in the nasopharynx shall cause a general 
infection and involvement of the meninges or shall remain localized 
in the pharynx are to a large extent indeterminate. Variations in 
virulence of the meningococcus do not seem to furnish an adequate. 
explanation, since cases of severe meningitis and carriers showing no 
morbid symptoms are found side by side, to all appearances infected 
with the same organism. It seems more likely that variations in 
individual resistance to the action of the meningococcus are a very 
important factor. The majority of persons are apparently not 
readily susceptible to general (meningeal) infection with the menin- 
gococcus. Some predisposition seems necessary, but just what con- 
stitutes predisposition to meningitis is undetermined, except in a very 
broad general way. The preponderance of the disease among children 
is best explained by assuming that children are more susceptible than 
adults. Its seasonal prevalence suggests that susceptibility is greater 
in the winter and spring months. The previous condition of the 
general health, trauma, and exposure seem not to be factors of any 
constant importance. 

7. Just why the disease should suddenly become widespread in 
epidemics after years of comparatively rare occurrence in isolated 
sporadic cases is by no means clear. This tendency to recur in 

cycles" of pandemics is, however, not peculiar to cerebrospinal 
meningitis. Influenza exhibits the same tendency quite strikingly. 
On a smaller scale, other diseases also exhibit alternating periods of 
epidemic prevalence and relative rarity. For example, a study of 
the incidence of measles in Richmond, Va., showed such regularity in 
the cycles of epidemics that the health officer was able to predict an 
epidemic before it actually occurred. 1 

It is likewise impossible to analyze the local conditions which 
determine the occurrence of an epidemic in one community while 
other communities, offering to all appearances equally good chances 
for the spread of the disease, remam free from it. But again, this 
element of mystery is by no means peculiar to cerebrospinal menin- 
gitis. The same problem is encountered in the epidemiology of 
other diseases. 

SEBUM THERAPY. 

The use of antimeningococcic serum in the treatment of this 
disease may now be considered to have passed beyond the experi- 
mental stage and to have been established as a therapeutic measure 
of such well-proven efficacy that its use becomes imperative. Now 
that the serum may be obtained readily upon the markets in this 
country, it becomes the duty of those who undertake to treat cere- 
brospinal meningitis to inform themselves as to the principles and 
methods involved in this therapy. 

The review of this phase of the subject has been drawn almost 
entirely from the monograph of Netter and Debr6, previously cited, 
and from a recent extensive treatise bj^ Levy. 2 The necessity of 
condensing these articles is regretted, and a careful study of them in 
the original is recommended to all to whom they are available. 

i Levy, E. C, Annual Report of the Health Department of the ettv of HMxiuoad, Va., tor the year 
1910. Richmond, Va., 1911. 

* Levy. Ernst, Serumbehandlung der uebertragbaren Genickstarre, Kliniscb.es Jahrbuch, Jena, 1911, 
M. XXV, pp. 121-272. 
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Antimeningococcic serum is obtained from horses immunized 
against the meningococcus by repeated, long-continued injections of 
live cultures, of killed cultures, or the disintegration products (auto- 
lysates) of cultures. In its therapeutic action this serum differs 
essentially from antidiphtheritic and antitetanic serums. The 
latter are antitoxic; their chief action is the neutralization within the 
body of soluble toxins (poisons) formed by the bacilli of diphtheria 
and tetanus. The action of antimeningococcic serum, on the 
other hand, is directed chiefly toward the destruction of the organ- 
isms themselves. (1) This serum is bacteriolytic; in the body, and 
under suitable conditions in vitro, it kills and dissolves the menin- 
gococci. (2) It is opsonic; that is, it in some way facilitates the 
destruction of the meningococci by the phagocytic cells of the body. 
(3) It is to some extent antitoxic. While the meningococcus does 
not produce a soluble toxin similar to that produced by the diph- 
theria and tetanus bacilli, it contains so-called endotoxins, poisons 
within the bodies of the meningococci, set free when the latter are 
destroyed by bacteriolytic or phagocytic action. It is these endo- 
toxins, liberated by the destruction of meningococci within the 
body, and exerting a toxic influence upon the system, which are 
neutralized by the antitoxin present in antimeningococcic serum. 

The action of this serum then is, first, to destroy the meningococci 
by bacteriolysis and phagocytosis, and, second, to neutralize the 
poisons resulting from their disintegration. These processes are 
similar to those by which the human body itself combats the meningo- 
coccus infection. 

Since the serum exerts its action chiefly upon the meningococci 
themselves, it is essential that it should be brought into actual con- 
tact with them. This can be accomplished efficiently only by intro- 
ducing it directly into the subarachnoid space, by injection into the 
spinal canal, or occasionally into the ventricles" of the brain. 

TECHNIQUE OF ADMINISTERING SERUM. 

1. Lumbar puncture. — The first step in the administration of serum 
is "lumbar puncture, " the passage of a needle into the spinal canal 
in the lumbar region. The needle employed for this purpose is 

Ereferably one made especially for the purpose, a fairly thick, stout, 
ollow needle, provided with an obturator to prevent stoppage and 
to strengthen the needle during its passage into the canal. A con- 
venient needle, already sterilized, is furnished with each package of 
antimeningococcic serum as commercially supplied in this country. 

As the procedure is not extremely painful, it is best performed, 
wherever possible, without general anesthesia. The question of 
employing an anesthetic must, however, be left largely to the dis- 
cretion of the operator. In patients with marked opisthotonos, 
especially when restless or violently delirious, it is frequently better 
to employ a general anesthetic than to run the risk of failure or acci- 
dent by attempting to proceed without one. 

Rigid asepsis is absolutely essential to success. The same care 
should be used in cleansing the area of operation, the hands of the 
operators, instruments, etc., as would be employed in an aseptic 
laparotomy. 

If the operation is done without anesthetic, there should be a suffi- 
cient number of attendants to keep the patient quite still. If done 
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under general anesthesia, there should be at least two persons besides 
the anesthetist. 

The patient is laid upon the side with the back bowed. The punc- 
ture may be in the second, third, or fourth lumbar interspace. The 
site may be conveniently located as follows: Draw a line across the 
back, joining the highest points of the iliac crests. This line passes 
between the spinous processes of the fourth and fifth lumbar verte- 
brae, which, having been thus located, should be verified by counting. 
The puncture may be made midway between these processes, one- 
fourth to one-half inch from the mia line, the needle being directed 
forward, very slightly upward, and a little inward, so as to reach the 
dural sac just a little to the side of the median line, avoiding the veins 
located there. 

If the needle is properly directed, its entry into the dural sac will be 
readily perceived by the sudden cessation of resistance. If it is 
improperly directed and impinges upon the bone, it should be with- 
drawn and redirected after a careful review of the landmarks. The 
distance to which the needle must be passed to reach the dural sac 
varies according to the age and musculature of the patient. In chil- 
dren it will be about 2 centimeters (three-fourths to 1 inch). In 
adults it may be as much as 4 to 6 centimeters (1£ to 2\ inches). 

When the needle is in place the obturator should be removed and 
the fluid which flows from the needle be received directly into a 
sterile flask or large test tube, so marked as to indicate at least 
approximately the amount (in cubic centimeters) of fluid withdrawn. 
It is important to know the amount of fluid withdrawn, as it has a 
bearing upon the amount of serum which may be safely injected. It 
is also important to have the fluid in a clean glass vessel where its 

fross appearance may be immediately noted, and in which it may be 
ept for bacteriological examination. 

Ordinarily the fluid may be expected to flow freely in a stream 
under pressure. It should be withdrawn until the pressure is relieved 
and it flows only by drops. The amount withdrawn may vary con- 
siderably, from 10 to 150 c. c. or more. When possible a quantity 
equal at least to the amount of serum to be injected (30 to 60 c.c.) 
should be withdrawn ; a larger amount if the pressure is high and the 
flow free. The fluid is characteristically turbid in cerebrospinal 
meningitis, sometimes purulent with flakes of fibrin. 

Sometimes when a puncture seems to have been successful no 
fluid comes from the needle. In such cases the needle should be 
cautiously manipulated — the needle cleared thoroughly with the 
obturator, then pushed cautiously in a little farther or withdrawn 
slightly. After the fluid has started to flow it may cease because 
of the needle becoming clogged. The needle should therefore be 
thoroughly cleared with the obturator before the operator allows 
himself to be satisfied that the pressure of the fluid is sufficiently 
reduced. In some cases it may happen that no fluid at all is obtained, 
as when the case is more chronic and the meningeal exudate thick 
and fibrinous. 

Injection of the serum. — When a sufficient amount of fluid has 
been withdrawn the serum is injected through the same needle. 
The serum furnished by American manufacturers is put up in syringes 
which may be connected aseptically with the puncture-needle sup- 
plied. If the serum is not supplied in these syringes it should be 
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drawn up from its receptacle into a carefully sterilized large syringe, 
previously tested with care to insure effective smooth working. 

The serum should be injected very slowly, while the condition of 
the patient is carefully watched by an assistant. The amount to 
be injected depends upon several considerations. A child should 
receive ordinarily about 15 c. c. to 30 c. c, an adult from 30 c. c. to 
60 c. c, at the first injection. These amounts may ordinarily be 
introduced with little fear or difficulty if the amount of fluid with- 
drawn is equal to or greater than this. Quite often, however, the 
amount of fluid obtainable is less than the amount of serum which 
it is desirable to administer. In such cases one must carefully 
note the resistance offered to the injection, must avoid undue pressure, 
and must watch closely for untoward symptoms, but in their absence 
need not be deterred from administering the full dose. 

Course of treatment. — Antimeningococcic serum has not as yet been 
standardized with an accuracy comparable to that used in the stand- 
ardization of antidiphtheritic serum. Greater variations are there- 
fore to be expected in the potency of different samples. Also its 
action differs essentially from that of the purely antitoxic sera; hence 
in its administration one must be guided by somewhat different con- 
siderations, must be guided to a greater extent by results rather 
than by dosage. 

Experience has shown that the best results can be obtained only by 
repeated injections. Although surprising results are often obtained 
from a single injection, unless the destruction of the meningococci is 
complete relapse is likely to recur. It is therefore recommended by 
Netter and Debre as a routine procedure to give at least three or four 
injections of full doses of serum at intervals of 24 hours, and after 
that to be guided by the clinical signs and changes in the cerebro- 
spinal fluid. Ordinarily after three or four daily injections the fever 
will have fallen, the rigidity be relaxed, and the mental condition of 
the patient markedly improved. Since, however, these signs do not 
necessarily indicate complete recovery, it is highly important to 
make observations at each injection upon the cerebrospinal fluid 
and to be guided largely by its appearance. Under the influence of 
the serum the cerebrospinal fluid becomes clearer, the large adven- 
titial cells diminish, the leucocytes are relatively increased and less 
degenerated, lymphocytes to some extent replace the polymorpho- 
nuclear leucocytes, the number of meningococci present in the fluid 
is diminished, and those that remain are found to be degenerated. 
Under favorably progressing treatment the meningococci disappear 
completely after from one to four injections. Levy gives the follow- 
ing figures as to the disappearance of meningococci in the cerebro- 
spinal fluid. Meningococci could no longer be demonstrated: 

In 18 cases after a single injection; in 33 cases after 2 injections; in 35 cases after 
3 injections; in 14 cases after 4 injections; in 9 cases after 5 injections; in 4 cases 
after 6 injections; in 1 case after 11 injections. 

While these results illustrate the remarkable action of the serum in 
destroying the meningococci, they also show the necessity of repeat- 
ing the injections as recommended and of being guided by the exam- 
ination or the cerebrospinal fluid in continuing injections after the 
third or fourth. 

Too much emphasis can not be laid upon the point that the treat- 
ment of cerebrospinal meningitis must be vigorous, with full doses, 
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continued until a cure is effected. A large part of the failures to get 
satisfactory results have been from ignorance or neglect of this 
important point, from the tendency to let well enough alone, and to wait 
for the full effect of each dose before following it up with another. 

It may happen that the inflammatory process may be largely 
localized in the ventricles of the brain, and the communication 
between these and the spinal subarachnoid space obliterated. In 
such cases severe symptoms will continue even after the cerebro- 
spinal fluid appears free from meningococci, and intraspinal injec- 
tions will be ineffective. It is advisable in these cases to make the 
injections directly into the ventricles of the brain, bilaterally if nec- 
essary. The indications for this procedure are prolonged subacute 
or chronic course of the disease, with the signs of acute hydrocephalus, 
viz, intensified stupor, headache, cerebral vomiting, slowing and 
irregularity of the pulse, "choked disc," and the failure of intra- 
spinal injections to relieve the conditions. The procedure itself is a 
surgical operation, which can not be described here. 

Indications for the use of antimeningococcic serum. — Antimeningo- 
coccic serum should be used in every case of cerebrospinal menin- 
gitis. The chances of recovery, other things being equal, are pro- 
portional to the promptness of its use; the delay of a day, sometimes 
of a few hours, may seriously affect the patient's chances for recovery. 
It is therefore vital to make at least a provisional diagnosis as early 
as possible. From the clinical signs it is often impossible to make 
an early distinction between cerebrospinal meningitis and menin- 
gitis due to infection with other organisms; such a distinction can be 
made only by bacteriological examination of the cerebrospinal 
fluid. Lumbar puncture should therefore be made upon the first 
suspicion that the case may be one of cerebrospinal meningitis. 
Rather than suffer the delay incident to a bacteriological report, the 
physician should be prepared to make the first injection of serum 
at the same time as the diagnostic lumbar puncture. If the fluid 
obtained is turbid, it indicates an acute inflammatory process due 
to bacterial infection. Without waiting to determine whether the 
infection is due to the meningococcus or to the pneumococcus or 
some other bacterium, the first injection should be made at once, 
especially if the prevalence of an epidemic strengthens the suspicion 
of cerebrospinal meningitis. The serum will be of benefit only in 
ease the infection is due to the meningococcus ; but the danger attend- 
ing a useless injection of serum in a case of meningitis due to another 
cause is slight as compared to the danger of delaying its adminis- 
tration in a case of meningococcus infection. The fluid should then 
be examined by a competent bacteriologist, and if Gram-positive 
cocci are found (pneumococcus, streptococcus) no further injections 
need be made. If Gram-negative cocci are found, treatment should 
be continued. If the appearance of the fluid indicates an acute 
inflammation of the meninges, such as expected in cerebrospinal 
meningitis, and the clinical picture warrants that diagnosis, treat- 
ment should be continued even where no organisms are found. But 
in such cases the examination of the fluid should be most careful and 
repeated at each injection. 

If, however, the cerebrospinal fluid is clear and does not show the 
characteristic cellular elements, the diagnosis of cerebrospinal 
meningitis is not probable. 
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Untoward results from the administration of_ serum. — More or less 
unpleasant, sometimes alarming, and occasionally serious conse- 
quences result from the administration of serum by intraspinal 
injection. These results are due to various causes: The pressure of 
the serum in the canal, the local action of the serum in destroying 
meningococci, and the toxic action of a foreign serum upon the 
human body. 

The injection of serum may cause immediate painful sensations in 
the lumbar region and in the lower limbs, sometimes with vesical 
and rectal tenesmus, and considerable agitation of the patient. 
Netter and Debr6 recommend the administration of morphine when 
needed to quiet the patient in such circumstances. Sometimes a 
more alarming train of symptoms may occur during the administra- 
tion of the serum; the patient may suddenly pass into syncope and 
collapse, becoming pale and limp, with feeble pulse and respiration. 
In the more serious cases the respiration becomes irregular, then 
ceases, the heart stops, the patient becomes cyanotic and comatose, 
with convulsive movements of the face or limbs, and occasionally dies 
suddenly. Sometimes, though rarely, the patient remains in a state 
of coma for several hours, then dies. Usually, however, even when 
the collapse is very alarming the patient may be restored by prompt 
measures. 

It is recommended that at the first signs of collapse the injection 
be stopped, and if the serum injected has caused a high pressure some 
of it may be allowed to escape through the needle. Artificial respira- 
tion, heart massage, lowering of the head, and immediate stimula- 
tion are to be used when indicated, as in collapse under a general 
anesthetic. 

The cause of these sudden symptoms is not clearly understood. 
Probably they are due to several causes — too sudden or too great 
change of pressure, sudden liberation of toxins by the destruction of 
meningococci within the spinal canal, hypersusceptibility to horse 
serum. 

It is stated by Levy that patients who exhibit alarming collapse at 
die first injection of serum may bear subsequent injections well. 
Levy noted collapse in 16 of 160 patients treated. Of these two 
failed to rally; five others died later during the course of the disease. 
Levy intimates that severe collapse is more apt to occur in very 
severe than in milder infections ; that serious accidents are most likely 
to occur in the cases which would most probably have died without 
serum treatment. 

Later symptoms, which may be expected in some cases from the 
administration of serum, are: Irregularity of the pulse, restlessness, 
twitching^ headache, pains in the back and lower limbs. These symp- 
toms, which may follow shortly after the injection, are usually of a 
few hours' duration only and seldom alarming. 

Quite frequently the injection of serum may be followed within a 
few hours by a rise of temperature which may be considerable, and 
may be accompanied by an exaggeration of meningitic symptoms. 
This, according to Levy's view, is due to the action of the serum in 
destroying the meningococci and liberating consequently large 
amounts of their endotoxin. The rise of temperature is more con- 
stant and more severe following the first injection than after subse- 
quent injections. 
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Still another, later train of symptoms attributable to the action of 
the serum may be expected, namely, the symptoms of so-called serum 
disease, which not uncommonly follows the administration of horse 
serum subcutaneously. This manifests itself most commonly from 
8 to 14 days after the injections, giving rise to an elevation of tem- 
perature, and an urticarial eruption, sometimes accompanied by 
other symptoms suggestive of a relapse, viz: Pains in the limbs and 
joints, accentuated stiffness of the neck, headache, Kernig's sign. 

If the clinical distinction can not be made between serum sickness 
and a relapse, lumbar puncture will usually differentiate. If a 
relapse is occurring the fluid will show meningococci; if the symptoms 
are due to the toxic action of the serum upon a recovered patient, 
the cerebrospinal fluid will bd clear and free from meningococci. 

According to Netter and Debre' the amount of serum injected at a 
single dose or upon successive days has little influence upon the 
frequency or severity of such symptoms. Symptoms are apt to be 
more severe but not serious where the patient has previously received 
injections of horse serum, as in the treatment of diphtheria, and 
especially where a relapse renders it necessary to administer serum 
a week or more after the first injections. 

These unpleasant and sometimes disquieting results from the admin- 
istration of serum have been dwelt upon not to impress their gravity. 
As a matter of fact they are practically insignificant as compared to 
the disease itself, and are mentioned rather that they may be looked 
for, guarded against so far as compatible with vigorous treatment, 
and may not cause unnecessary alarm when encountered. The fear 
of them should not deter any one from using full, vigorous serum 
treatment in every case of cerebrospinal meningitis. 

RESULTS OF SERUM THERAPY. 

The following table, taken from Levy's treatise, presents suc- 
cinctly some of the results accomplished by the use of antimenin- 
gococcic serum in reducing the mortality from cerebrospinal 
meningitis. 

Since the disease is one in which the case mortality varies greatly 
in different epidemics, the results of serum treatment as shown in 
this table can best be appreciated by comparing in each instance 
the mortality of untreated cases in the same vicinity : 



Reported by- 



Flexner (collective) 

Netter 

Dopter 

Schoene 

Jehle, Weiss-Eder. . 

Leick 

Neglein 

Kleinschmidt 

Quenstedt 

Levy 



Cases treated with 
serum. 



Number. 



712 
100 
402 
30 
1)4 
34 
30 
21 
18 
1(35 



Percentage 
mortality. 



31.4 

28 

16.44 

2B 

42 

32.4 

26.6 

19 

22.2 

IS. 18 



Cases treated 
without 

serum (per- 
centage 

mortality). 



70-80.0 

49.0 

65.0 

53.0 

70-85.0 

66.0 

50.0 

'62.47 

2 56. 2 

»52.14 



i General mortality in Prussia, 1907. 
2 General mortality in Prussia, 1908. 



' General mortality in Prussia, 1909. 
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The above table gives the gross mortality, including among the 
serum-treated cases a number of fatalities in patients moribund when 
treatment was commenced, a considerable number in whom the 
treatment was not sufficiently vigorously carried out, still others 
who died from complications such as pneumonia, tuberculosis, 
valvular heart disease, etc. Even including these cases the mortality 
as compared to cases in the same vicinity not treated with serum 
has commonly been reduced to one-half, not infrequently to one- 
third or one-fourth. It is abundantly proven that in cases treated 
early and vigorously the mortality may be expected to be reduced to 
even lower rates than those given above. 

The importance of instituting serum treatment as early as possible 
in the course of the disease is illustrated by an analysis of the 712 cases 
reported by Flexner, 1 99 cases reported by Netter and Debre from 
their own experience, and 402 cited by them as reported by Dopter. 



Day of disease when treatment was begun. 



First to third day 

Fourth to seventh day. . 
Later than seventh day. 

Average mortality 



Mortality, per cent. 



Flexner's 

cases (712). 



25.3 
27.8 
42.1 



34.1 



Dopter's 
cases (402). 



8.20 
14.40 
24.10 



16.44 



Netter and 

Debrf's cases 
(99). 



20.9 
33.3 
26.0 



28.0 



Of the 44 cases treated by Netter and Debr6 before the third day 
9 died. Of these 9 fatalities 4 were in patients moribund when 
brought in for treatment, 3 others in patients who left the hospital 
apparently cured and were brought back after a considerable interval 
in a desperate state in relapse, another in a patient with cardiac 
lesions. Excluding the cases, in which the authors believe the serum 
treatment did not have a fair trial, there are left 36 cases with only 2 
deaths, a mortality of only 5.55 per cent. These authors consider that 
recovery is the rule in patients in whom treatment is begun within the 
first three days of the disease. 

The beneficial results of serum therapy in the treatment of cere- 
brospinal meningitis are not limited to the reduction in mortality. 
The use of the serum shortens the course of the disease, renders it 
less distressing, and among the patients who recover reduces the pro- 
portion of the most serious sequelae, such as blindness, deafness, 
idiocy, and paralysis. 

During the spring of 1911 the writer had the opportunity of study- 
ing an epidemic of cerebrospinal meningitis at Savannah, Ga., where 
antimeningococcic serum, prepared for the market by an American 
firm, was used bv various physicians. 

Full data concerning the treatment employed were obtained in 
50 cases, of which 22 received more or less thorough serum treatment 
and 28 received no serum. 



a, The Present Status of the Serum Therapy of Epidemic Cerebrospinal Meningitis. 
Jour. Am. Med. Assn., 1909, vol. S3, pp. 1443-1445. 
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The mortality among the serum-treated cases was as follows: 



Day of disease on which treatment was begun. 



First to third day 

Fourth to seventh day. . 
Later than seventh day . 
No serum given 



Number of 
cases. 


Number of 
deaths. 


11 
6 
4 

28 


5 
3 
3 

16 



Case 
mortality. 



Percent. 

45.5 
50.0 

75.0 
57.0 



Of 11 cases reported as having recovered after the administration 
of serum, 2 (18.8 per cent) had defects remaining; of 12 cases reported 
as having recovered without the administration of serum, 5 (41.6 
per cent) had defects remaining. 

Of the 5 cases which died in spite of serum therapy begun within 
the first three days, 1 was complicated with puerperal septicemia, 1 
with whooping cough and pneumonia; 2 of the remaining cases 
received each only a single dose, and the fifth received repeated 
small doses. 

These figures are of interest as showing the value of American com- 
mercial serum such as is readily available to all. When administered 
early and vigorously, the results were prompt and striking. The 
writer was, however, chiefly impressed in this epidemic with the 
extreme importance of having the treatment administered by 
physicians expert in the technique and well acquainted with the 
principles. 

Summarizing the observations upon the use of antimeningococcic 
serum in the treatment of cerebrospinal meningitis, it has been 
agreed upon by those best qualified to judge — 

(1) That the serum when promptly and properly used effects a 
very substantial reduction in mortanty, shortens the course of the 
disease, and reduces the proportion of disastrous sequelae. 

(2) That it must be used freely — repeated daily for at least three 
days in most cases, and as much longer as may be found necessary 
from observation of clinical signs and examinations of cerebrospinal 
fluid. 

(3) That the best results can be obtained only by persons expert 
in the technique and principles of the treatment and conversant with 
the clinical aspects of the disease. 

PROPHYLAXIS. 

If the inferences from the above facts are correctly drawn, it is 
obvious that the prevention of the spread of cerebrospmal meningitis 
is a matter of extreme practical difficulty. If, indeed, persons 
apparently in good health, carriers of the meningococcus, unrecog- 
nizable except by means of a difficult bacteriologic examination, are 
the most important source of the infection, it must be admitted that the 
sources of infection are largely uncontrollable by any means of general, 
practical application. If, as estimated by Fluegge, healthy carriers 
are ten times more numerous than recognized cases of meningitis, and 
because of their freer movements are more than ten times as prolific 
a source of infection for others, then the most that we can hope to 
accomplish by the isolation of every recognized case is a slight 
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reduction, perhaps 10 per cent, m the dissemination of the infection. 
By complete isolation of all the associates of every recognized case 
more might perhaps be accomplished ; but rigid quarantine is a serious 
economic matter, justified only by a reasonable hope of proportionate 
results; and considering that the most prompt and rigid isolation of 
all the immediate associates of every recognized case would still leave, 
at large a very considerable number of carriers, the rigid quarantine of 
either houses or communities on account of cerebrospinal meningitis 
seems ordinarily unjustified. The chances are that by the time the 
first case in a community is recognized other foci of infection have 
already been established; that by the time an epidemic is recognized 
in one community, the infection has already been carried to other 
communities in close communication with the first. 

To undertake to make bacteriological examinations sufficient to 
discover all the carriers in a community of any considerable size is 
obviously impracticable; if it were possible it would consume so much 
time that the infection would have ample opportunity to spread in 
the meantime. Moreover, the control of carriers when discovered 
would be practicable only under military rule or in institutions. The 
most recent bacteriologic studies, as well as past experience, indicate 
that cerebrospinal meningitis, when once it has become epidemic, is 
not controllable by any known means of practical application. 

PUBLIC MEASURES FOR THE CONTROL OF CEREBROSPINAL MENIN- 
GITIS. 

The high mortality of cerebrospinal meningitis, its peculiarly dis- 
tressing clinical course, and the frequency of most serious after-effects 
render it imperative that every possible measure be taken to protect 
the public from its ravages. Public-health authorities, in their 
efforts to minimize the damage done by this disease may consider 
two lines of procedure (1) prevention of its spread, and (2) reduction 
of mortality and disability by providing facilities for the most ad- 
vantageous treatment. Of these lines of procedure, prevention is 
undoubtedly preferable — if it can be accomplished — and at the same 
time more in line with the generally accepted views of the functions 
of public-health organizations. As stated above, however, even the 
most rigid preventive measures offer at best a very doubtful hope of 
materially reducing the prevalence of this disease. On the other 
hand, serum therapy, well administered, does offer the well-justified 
expectation of reducing the damage done to one-half or even one- 
fourth. 

There are, moreover, special reasons why public-health authori- 
ties should take an active part in the serum therapy of cerebrospinal 
meningitis. The cost of the serum itself, while not great, is sufficient 
to render it unavailable to the very poor. Aside from the serum the 
proper treatment of a case is very expensive, requiring the daily and 
almost constant services of at least two physicians and skilled at- 
tendants. The best results require expert services which are not 
available in all communities; and the number of cases which can be 
treated at the same time by a single staff of experts is small unless 
the patients are concentrated in a hospital with adequate facilities. 
Finally, the diagnosis and the proper control of treatment require 
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expert bacteriological services which are not available in many com- 
munities, and when available are very justly expensive. 

It is believed that the most effective work which can be done by 
State and municipal health authorities toward controlling epidemics 
of this disease is along the lines of rendering assistance in its therapy. 
An outline of the measures suggested is presented. 

1. To require prompt reports to the local authorities of all suspected 
cases of this disease. 

2. To provide the best possible facilities for diagnosis, viz: 

(a) An expert diagnostician, employed by the health authorities 

to visit suspected cases in consultation with the reporting 
physician. 

(b) An expert bacteriologist, with a laboratory established in the 

immediate locality, to examine and report upon specimens 
of cebrospinal fluid. 

3. To provide the best possible facilities for treatment, by employ- 
ing the necessary staff of properly qualified physicians, with hos- 
pital facilities adequate for the treatment of all casesj and the require- 
ment that all cases pronounced suspicious by the diagnostician be 
sent at once to the hospital for diagnostic lumbar puncture and treat- 
ment. The necessary serum and medical and hospital attendance 
should be provided free. 

In many communities local men might be most advantageously 
employed to take charge of the diagnostic and therapeutic measures. 
The feasibility of such methods depends, of course, upon the support 
of public sentiment, and especially upon the cooperation of the prac- 
ticing physicians, and the details in each community would need to 
be adjusted to suit the circumstances. It is believed, however, that 
with the modifications required by local conditions these measures can 
readily be carried out and will prove effective. 

In spite of the apparently insuperable obstacles in the way of pre- 
venting the spread of the disease, such measures as are practical 
should be taken toward that end. Following is a brief outline of the 
measures suggested : 

1. Reporting of all cases, on suspicion. 

2. Isolation of patients and disinfection of nasopharyngeal dis- 
charges, as for diphtheria. The utmost cleanliness among all associ- 
ates of the patient and the use of antiseptic gargles and nasal 
douches. 

3. Such restriction as practicable of communication between the 
associates of the patient and others ; placarding the house, exclusion 
of unnecessary visitors, exclusion of the children of the family from 
schools, and so far as possible confining to the house all members of 
the family who are not obliged to go out in pursuit of necessary busi- 
ness. Quarantine of the breadwinners on the assumption that they 
are carriers is of doubtful justification. 

4. In the discretion of the health authorities it may be wise to close 
schools and prohibit public gatherings in a severe epidemic, especially 
if there is evidence that the epidemic is still localized in some part 
of the community, which is, however, seldom the case. 

5. The public might well be advised, when the disease is prevalent 
in a community, to minimize their chances for contracting the 
infection by keeping away from large public gatherings, especially 
keeping their children away; by avoiding the use of public drinking 
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cups; and by exercising care as to the personal cleanliness of them- 
selves and their children. 

6. The administration of urotropin in moderate doses, under the 
supervision of a physician, may be suggested as a possible though 
quite unproven prophylactic. 

Under some circumstances more rigid measures may be justified. 
For example, a localized outbreak of the infection in an institution, 
a military or industrial camp, or even a severe outbreak in a small 
town might justify quarantine of the whole aggregation associated 
with the cases, though it is highly improbable that the quarantine 
would prevent the spread of the infection. 

It is to be remembered in this connection that by the time an 
epidemic is recognized in a locality the infection is probably wide- 
spread in the community; that even in the vicinity of rather rare 
sporadic cases a considerable proportion of carriers have been found; 
that a not inconsiderable proportion of infected persons remain 
carriers for a long time, and that finally quarantine has been 
in a good many instances thoroughly tried and found unavailing. 

Even systematic search for carriers and their isolation is probably 
useless except in strictly localized outbreaks. 

Where rigid quarantine has been tried and the disease has failed 
to spread from a recognized focus the conclusion is not justified that 
the quarantine has prevented the spread. It is to be remembered 
that the majority of cases give rise to no apparent, traceable sec- 
ondary cases, that the disease often fails to spread under conditions 
that would seem most favorable for it, and characteristically appears 
where it is not expected 



